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Learning Objectives

• Explain limitations to scalability of tax assessor data.
• Identify sources of data for urban-scale building energy modeling. 
• Distinguish strengths/weaknesses of a dataset by defining 

comparative matrix fields.
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Outline/Agenda

• Context

• Tax Assessor’s Data

• Comparison Matrix

• Scalable Data Sources
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Context
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Commercial Site Energy

Consumption by End Use

Buildings consume 73% of the nation’s electricity

125 million U.S. buildings
$412 billion/yr energy bills (2019)

Goal of the DOE
Building Technologies Office:

30% energy reduction per sq. ft.
by 2030 compared to 2010 baseline

Building Energy Modeling – building 
descriptions + weather = estimated 

building energy consumption

$9B/yr – ESCO; $7B/yr – utility EE
$14B/yr – DR management systems
0.3% modified, BEM < 10% of those

45% Buildings
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Optimal Return on Investment
(for building energy savings)

Simulation Engine and Analysis Platform

U.S. Dept. of Energy
$93M, 1995–?

Free, open-source (GitHub),

free support community (unmethours.com)

Context – Software 1 & 2
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Context – HPC 1 & 2, Software 5
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CPU
Cores

Wall-clock 
Time 

(mm:ss)

Data 
Size

EnergyPlus
Simulations

16 18:14 5 GB 64

32 18:19 11 GB 128

64 18:34 22 GB 256

128 18:22 44 GB 512

256 20:30 88 GB 1,024

16,384 26:11 5.6 TB 65,536

32,768 31:29 11.5 TB 131,072

65,536 44:52 23 TB 262,144

131,072 68:08 45 TB 524,288

CPU
Cores

Wall-clock 
Time 

(mm:ss)

Data 
Size

EnergyPlus
Simulations

57,344 20:44 440 GB 229,376

114,688 28:20 880 GB 458,752
19M core-hours

June 2, 2020

HPC1 Titan

HPC2 Theta

World’s fastest 
buildings 

energy model 
(BEM) simulator

>500k building 
simulations 
in <1 hour

130M US 
buildings could 
be simulated in 

2 weeks

8M simulations 
of DOE 

prototypes
(270 TB)
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Benchmark Reduce Offset

4. Establish partnerships and APIs 
for scalable data retrieval

5. Algorithms to extract 
building properties

7. Make BEM info 
freely available online

Use cases:
• Simulation-

informed analysis
• Sales/market leads
• Utility program 

formulation
• Rate structures
• Resilience
• Automated 

financing
• Business model 

evaluation

Demonstrate and stimulate GEB opportunities 
toward a sustainable built environment

2. Time on world’s #1 fastest 
high-performance machines

6. Create BEM 
data and models

 Small 
Office 

Outpatien
t 

Large Office Medium Office Hospital Warehous
e 

Small Hotel Large 
hotel 

Inputs 458 3483 1072 760 1955 333 1823 887 

 Strip 
Mal l  

Retai l  Quick Service 
Restaurant 

Ful l  Service 
Restaurant 

Mid Rise 
Apt 

High Rise 
Apt 

Secondary 
School  

Primary 
School  

Inputs 800 438 281 286 1464 4617 1621 1051 

 

1. Quantitatively rank most 
important building inputs

3. Identify and compare data 
sources for important inputs

Context – vision

HPC2, Software 4-5,  Software  1-2
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Outline/Agenda

• Context

• Tax Assessor’s Data

• Comparison Matrix

• Scalable Data Sources
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# Description Category Value Source

1 Insulate Roof Envelope R-16.12 to R-28.57 IECC-2012

2 Reduce Space Infiltration Envelope Reduce 25% from vintage EnergyStar whole-house

3 Adjust Thermostat Setpoint (4F) HVAC 4°F 2 hrs prior to peak EPB

4 Smart Thermostat (8F) HVAC 8°F 4 hrs prior to peak EPB

5 Change Electric HVAC COP HVAC COP to 3.55 (ht) 3.2 (cl) IECC-2012

6 Change Lighting Power Density Lighting LPD 0.85 W/ft2 IECC-2012

7 Change to Gas Water Heater Water Efficiency 80% (assumes electric) IECC-2012

8 Change to Gas HVAC HVAC Efficiency 80% (assumes electric) IECC-2012

Tax data
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TENNESSEE

GEORGIAALABAMA

• Quantify energy, demand, 
emissions, and cost 
reductions for the Electric 
Power Board of 
Chattanooga, TN (EPB)
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Tax data
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• Tax Assessor’s 
Data

• Only 22 of 
195 countries 
do not have a 
property tax

• U.S. Ad Velorem
tax law

• “according to 
value”

Source: https://en.wikipedia.org/wiki/Taxation_in_the_United_States

https://en.wikipedia.org/wiki/Taxation_in_the_United_States
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Tax data
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• Overview of parcel data

• 3,142 counties

• No standardization of
parcel data
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Tax data

13

• Numeric code entries



2020 Building Performance Analysis Conference and SimBuild

Tax data – building info!
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Outline/Agenda

• Land Use Codes – residential
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Outline/Agenda

• Land Use Codes – commercial
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Outline/Agenda

• Land Use Codes – commercial
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Outline/Agenda

• Building-specific data
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Outline/Agenda
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• Overview of files (for this example)
• GIS parcel data (*.shp)

• Parcel data (*.zip)

• Letter (*.pdf) – instructions for DOS prompt executable 
to extract 300MB of data into CSV

• Summary of tax assessor data
• Useful source of building-specific data

• Building type, Height, Size, Envelope type (Wall), HVAC, Roof type, 
Fenestration (sometimes), Footprints (often just parcel, not building)

• Limitations
• County-specific data encoding, data format (PDF>Excel), public vs. 

non-public information, undocumented processes for 
acquiring/using/sharing data



2020 Building Performance Analysis Conference and SimBuild

Results – Tax Assessor

• Statistical summary of 1 county
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Outline/Agenda

• Context

• Tax Assessor’s Data

• Comparison Matrix

• Scalable Data Sources
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Sensitivity analysis

22

• Sensitivity analysis for all building types
• 80% of commercial buildings - 16 climate zones, 16 building types, averaging 5.75 vintages

• 281-4,617 building descriptors (e.g. thermostat, insulation level) were modified

• Fractional Factorial (FrF2) resolution IV statistical design of experiments

• Summarize 768 lists of impactful variables
• 254,544 annual simulations were completed on the nation’s fastest supercomputer (Titan)

• 216 Excel spreadsheets were created listing the energy and demand impacts of each building 
property

• Quantify Most Important Building Parameters
• Top 10 annual energy (kWh) and demand/peak-shaving (kW) variables for each of the 16 building types 

 Small 

Office 

Outpatien

t 

Large Office Medium Office Hospital Warehous

e 

Small Hotel Large 

hotel 

Inputs 458 3483 1072 760 1955 333 1823 887 

 Strip 

Mal l  

Retai l  Quick Service 

Restaurant 

Ful l  Service 

Restaurant 

Mid Rise 

Apt 

High Rise 

Apt 

Secondary 

School  

Primary 

School  

Inputs 800 438 281 286 1464 4617 1621 1051 
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Comparison Matrix - example

23

• 6 types of data, 37 sources of data, how do you compare?

– Satellite and airborne imagery

– Cartographic data

– Ground level images

– Elevation data

– Building information databases

– 3D building model databases
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Comparison Matrix – fields (1 of 2)
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• Potentially useful fields to consider when comparing data sources

7. Spatial resolution -- the dimensions of 
the data (e.g., 1 km2 per pixel)

8. Measure accuracy -- information 
available regarding the accuracy of 
the database based on input sources 
or sensor calibration

9. Cost -- any initial or recurring costs 
required to access/retain rights to the 
data

10. Format -- the standard file format in 
which the datasets are stored

11. Mapping to building input variables --
for models (e.g. building type, square 
footage, window-to-wall ratio, façade 
material type, thickness, density)

1. Title -- short label for referring to the 
dataset

2. Summary -- short description of the 
data

3. Data type -- the format in which the 
information is stored (usually image, 
database, or computationally derived 
from multiple data sources)

4. Company -- name of the organization 
that makes the data available

5. Website -- hyperlink to the most 
pertinent information necessary for 
using this dataset

6. Temporal resolution -- how often the 
datasets are collected (e.g., 2–5 years)
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Comparison Matrix – fields (2 of 2)
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• Potentially useful fields to consider when comparing data sources

16. Existing internal software -- does the 
current team have software capabilities 
that leverage this dataset for purposes 
that could be synergistically leveraged 
for this project

17. Existing expertise -- does the current 
team have any unique knowledge or 
skills that would be vital to the 
successful use of the data for this 
project

18. Restrictions -- what are the limitations 
on the use of the data (e.g., legal/privacy 
ratings, number of Application Program 
Interface [API] calls per day)

19. Comments -- any major observations 
about the data that do not fit in the 
previous categories

12. Mapping to area properties -- indicates 
whether these datasets are useful in 
segmenting area type (e.g., buildings, 
roads, open/vegetated spaces)

13. Mapping to material properties --
indicates whether these datasets are 
useful in determining material types 
(e.g., concrete, brick, soil, gravel, 
asphalt, granite)

14. Coverage of United States (US) --
indicates the extent to which the data 
provided are local versus national

15. Orientation -- where relevant, the 
general view from which the data were 
taken (e.g., street view, single side of a 
building, multiple sides of building, 
perspective, oblique)
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Scalable Data – example 1
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Aerial view - footprints
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Algorithm: Deep Learning extended and using GPUs for fast building footprint and area 
extraction over large geographical areas.

Multi-company Competition Precision/Recall – 30/35;  Current Precision/Recall – 60+/60+
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Scalable Data – example 2
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LiDAR – building heights
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Scalable Data – example 3
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StreetView - height
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StreetView – Façade, WWR
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Façade Type

Windows (blue)
Façade (green)
Street/open (black)
Other building (red)

Window-to-wall ratio
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Results – Digital Twin of a Utility
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EPB: 178,368 building energy models
Validated against 15-minute electricity
(colored by modeled EUI)

http://bit.ly/virtual_epb
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QUESTIONS?

Joshua New

newjr@ornl.gov
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